
PHOTOGRAPH THIS SHEET

ELI- -

z

0A

DOCUMENT IDENTIFICATION

let~ DISTRIBUTION0 ST=ATEMENT A
Approved for4 public release;

Distribution UnlimitedCLe

DISTRIBUTION STATEMENT

ACCESSION FOR
NTIS GRAMI

DTIC TAB"I
UNANNOUNCED [] EL Ch

~APR 2 419WOf

BY
DISTRIBLTFION ~
AVAILABILITY CODES
DIST AVAIL AND/OR SPECIAL DATE ACCESSIONED

DR IBTO STAMP

DATE RECEIVED IN DTIC

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

FORM DOCUMENT PROCESSING SHEET
OTIC OCT 79 70A



- -If

FTD-ID(RS)T-0508-79

FOREIGN TECHNOLOGY DIVISION

!I

MOLECULAR THEORY OF SOLUTIONS AND EXTRACTION
OF METALS AND ACIDS BY ASSOCIATED REAGENTS

Ye. V. Komarov g

~~4i]

bik

Ilk.

10 26

ii'
A -2 7 . . . .. . - ... . .. .. .. . . = ~ .. . . . .. . . . . . . . . . .. . . . . . . . -:: , , h , .I % : .4 : 

W



FTD -ID(RS)T-0508-79

EDITED TRANSLATION

FTD-ID(RS)T-0508-79 20 April 1979

MICROFICHE NR: " - 0

MOLECULAR THEORY OF SOLUTIONS AND EXTRACTION OF
METALS AND ACIDS BY ASSOCIATED REAGENTS

By: Ye. V. Komarov

English pages: 11

Source: Radiokhimiya, Vol. 12, Nr. 1, 1970,
pp. 312-318

Country of origin: USSR
Translated by: Charles T. Ostertag, Jr.
Requester: PHE
Approved for public release; distribution unlimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGI.
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:
ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE
ANDDO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION
VISION. WP.AFB, OHIO.

FTD -ID(RS)T-0508-79 Date 20 Aprl9 7

3



- - - - - - --

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration I

A a A a A, a P p p p R, r

B 6 S B, b C C C C S, s
8 1 Be0 V, v T T T m T, t.

r r st G, g Yy y Y U, u

A 7a D, d F, f

E e E Ye, ye; E, e* X x X x Kh, kh

M Hi o c Zh, zh L t Li iq Ts , ts

3 3 3 s Z' z Hl 4 Ch, ch

If U W~u I W w U 111 Sh, sh

aa Y, y [Q L4 11U( Shch, shch
K K K, k I

JI I A J A L , 1 bI a Y, y

MMA M ,m b b6

H H H x N, n 3 , E, e

0Oo 0 0 0, 0 10 o 1 1 Yu, yu

f17 P1 I , p Fl2a Ya, ya

*ye initially, after vowels, and after b~, b~; e elsewhere.
When written as 9 in Russian, transliterate as y6 or e.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh sinht
Cos Cos ch cosh arc ch Cosh
tg tan th tanh arc th tanh-
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-AMOLECULAR THEORY OF sOLUTIONS AND EXTRACTIMN

I'i'
OF METALS AND ACDSb BY A8SOCIATEb REAGENT8

Ye. V. Komarov

During the investigation of extraction Of actinide and other

elements and acids by such associated reagents as Organophosphorous

acids, the salts of amines and others, frequently dependences of

the coefficients of distribution of substance on the concentration

of the extracting reagent are observed Which are very simple in

overall nature. There is surprise in the fact that, for example,

the extraction of nitric acid from an aqueous solution of nitrates

of amines can be described within the framework of the simplest

stoichiometric relationships without taking polymerization into

account [1], without taking into account the strong deviation ofij the behavior of such solutions from the laws of behavior of ideal

solutions. Just as incomprehensible (from the point of view of

F- customary concepts) are the linear dependences (in logarithmic

scale) of the coefficients of distribution of different metals on

the concentration of reagent in the case of extraction by amines

[2-8], monoalkyl- and monoarylphosphoric acids [9-13].

Attempts at taking polymerization into account should unavoid-

ably lead to consideration of the sum of reactions of the form

:-
1.N
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where M acid, salt £5r ion of the metal, Ar - r-mer of the rea-

gent, Kir - equilibrium constants of the corresponding reactions.

In this case the expression for the coefficient of distribution M

Sshould include the following sum

-A:

Where aM  activity of M in the aqueous phase, [A ] - concentration}

of r-mer in the organic phase, yM - activity coefficient of a

complex of the composition M A r coefficients of activity of

the r-met of reagent A.

In order to describe exactly the concentration dependence of

the coefficient of distribution of particles M, it is necessary to

know, in addition to the Variables Kir , the dependence on gross-

concentration of the reagent of the content of different associates

[Ar] and the variables --- for the different complex(s and

associates. The selection of specific conditions for carrying out

the experiment makes it possible at least to find the concentra-i ;tions of [Ar] by independent methods of physicochemical analysis.
The experimental determination of the coefficients of activity of

individual associates and complexes is just as difficult (or even

impossible) a problem as the determination of the absolute activi"

ties of the individual ions of the electrolyte. Therefore for the

calculation of the variable " we have no other route except

theoretical calculation. 4_

Selection of the molecularstatistical model. Molecular 5 .

theoies of associated solutions developed rapidly especially in

the fifties. The successes in this area were reflected in a number

o-' monographs and reviews [13-18]. In analyzing the dependences

of thermodynamic functions on the composition of associated solu.

2.



tions of different types, Rowlinson [14] came to the conclusion

that the sign and magnitude of thermodynamic functions of mixing

in systems With strong directed bonds between the molecules are2determined mainly by the change in the number of such bonds durir.g

mixing of an associated liquid with other liquids. This shows
VIE- that out of the different variants of molecular theories of

asSociated solutions that one should be selected, in which in the

construction of the statistical Sum of the molecular mixture in

an evident form the formation of associates and solvates is taken

into consideration [13, 19-21]. Since such a route takes into

account the contributions from the change in internal energy and

the orderliness of molecules in the system, then corrections for

the effects of a second order Of smallness, conditioned by the AI change in the molecular environment of associates and solvates with

M-1 the change in the composition of the system, can be found on the

basis of the theory of strictly regular solutions in a zero approx-"ij~imation [16].
The special features of the selected molecular-statistical

model of a solution are reflected precisely in the following record-

ing of the statistical sum of a molecular mixture

-VT

where the indices D and T are the generalized symbols of the sort

of all possible particles (including associates and solvates) in

the system, ND - number of particles of sort D, g(ND, NT) - number

of configurations of the mixture, D - statistical sum based on

the inner states of a particle of sort D, U(ND, NT) - configuration

energy of the system, depending on the number and class of contacts

of all possible particles in the system.

The variable g can be calculated by using Guggenheim's formula T

[16], if the molecular complexes are either cyclic or noncyclic.j In the case of particles of an arbitrary form a generalized Guggen-

..
..... H
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heim formula should be used [221. The variable U can be calc a6

in the following mafner.

A molecule of A given sort Din a gener-al case has surface
sectors which are not equivalent to each other in an energy respect.

Assume 6 and v are generalized symbols of the class of contact

sectors of the molecule, so that s can take specific values of a,

b, c, etc., Just as v (the second symibol is introduced for mndi-

cating the difference of classes of contact sect6rs)* A

*Here the symbolb developed by Barker dj applicable [23]. -

The share of contact bectors Of molecule D ih class C is

designated by the symbol. VC Evidently .*

The variable Ur~-, denotes the energy' of the contact, Pormed by the

contact sectors of clase Lc and V' of particles of the same or

different sorts. The overall number of all possible contacts Will

24 be equal to

D

4 Here zq- number of nearest neighbors of a molecule of sort D,
t coordination number of the lattice,

The share of contact sectors of class £of all the particles

in the solution will be equal toA

qD -V~tND(2

V, 

--

It is easy to show that the overall number of contacts of type

(-Y) will be equal to QV V and their energy QVVU
The dependence of the configuration1 energy on composition of

the solution will be expressed as:

UJ(N 1 , N1 ) =Q V.V ,* (.3) J.
-3

j_
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The Gibbs thermodynamic potential. for a condensed system ca.n be

V~l found from (1):

G ;-T If (b.NT) + NbIn4b N+f]WU
kTA

t ince u(NDi NT is determined by the relationships ()and (3), and
lntg(Nf), NT) by formula [221

e (Nb NT In N- I + (rb 1)iVD'

D D (eb- D)DJN6. 4i

wher 1) Ni 2u5ro ehd ~ ragmn f h oeue d

AA
tia o a uaricer of setortds is detrmine by1 th qat4~(c

~te uture tpons of the asoiaeoad lton arte a~e tetam

fixe sttsia semnt "DJ
ff+in qrf symty r6 (VV +number

Dependtint lgmet n the m o eexpessi no the coemiltinof

maoit of wrkscl o extratDin dtemused the mola conetationyci

inrutesste in mlesperiter and as the astanr tatt

select a souIn which pos+e the prprte of an infinitel

55

Depndngonth mthd f xprssonofth cmpsiio o
~~~~h solution an th seeto of th stndr stat of th com---=~- -*=~~=~-

poet exprssio (5) illacqirea dffeentfor. Ith



diluted solution. Then the coefficient of adtivicy of a particle -
A bf tort D cafi be calculated usinig the following formula:

L) I

(6) '

I where C-,- molar concentration of particles of sort D, atid the
-I D

index S denotes the sor~t of particles which form- the sblvent.
Numer~ical appraisalt usinig form~ula (6) are possible f~r

specific systems and specific conditidnt of the experiment. He~re4

we will conisider only two important examples: a solution of

monooctylphosphoric acid in 00 and a tlution of tr16dtylammonid
~24
nitrate in benze-ne.

Numerical appraisals. mhe syrstemr mon6-N~octLylph~sphoric

acid (A) - comlplex (B) -CC ).Since an ion of the metal in

it s dimensions is considerably smAllCer than the dimensions of

i7 molecules of A and S, and the dimensions of A are Approximately

twice the dimensions of S, then rA r -2 r (r -degree of associd-

tion of A) and rs=l. r

Using expression (6), we obtain

az 'I (V a

We will introduce specific designations for the classes of

contact sectors: a - for actyl radicals, p -for phosphate groups,

m - for phosphate groups in which at least part of the ions ofa

hydrogen are replaced by the ions cf metal, and s - for molecules
AM

ET- of carbon tetrachloride. Then expressions (.7) acquires the form

-3) 2.kTj1 (UO,, - U6,) +.1', (U)~. - U,,) +

6.



~ .it follows from formula (8)-that the ratio of activity def"
ficients being considered in this case does not deed on r, but

evidently depends on i - the number of particles M, entering into

the composition of the given complex, which should be taken into

account during summation.

For evaluating the interval Of possible changes imr we

will use the following Simplifications: Urms -Ups=Uam--iU- and

U m-UpmUpmUpp. The degree of polymerization of mono-N-octyl"

phosphoric acid is great [24]. Therefore, instead of (8) we get

TMir 3_____~ V i ,)C, 2:.3,.kr -) (9)

-- where CA t total concentration of A in the organic phase and

..... {~',..- Up, =

Evaluatiohs of the variables, analogous to 61 , which were

obtained in a number of works [25-30j, showed that the Value z.o&

in modulus does not exceed 300 cal.mole" I  On the other hand, in
the work of Tret'yakov and Rudakov [31] it was found that in the

most diverse liquids, in which strong hydrogen bonds are absent,

4 the free energy of intermolecular interactions lies in the interval

from 3 to 5 kcal'mole I. This interval answers to a change in

from 0.6 to 1.7.

The reSults of calculations based on equation (9) with

0 -- , and t=25 C are given in Table 1.

- !" It follows from the results of the calculations given in Table

1 that in an interpretation of experimental data based on the dis- 4

tribution of metals in extraction systems of the type being consid-

-ered in a general case one cannot disregard the change in the ratio

yMir/yr with a concentration of extracting reagent CA 1 mole 1

and with i>i.



A_ Table 1

Greatest possible values 6" th~ iduu of Variable for

different coordination numbers of A 6UAsi-lattice liquid

blga I I up -i I

ZA"

12 SSC

Both the amin salt and tMolvas apparen tl poheizeda)

Fanen hrescste ntoatec othr.~onsequiety ( he blvAto oN)

amzine St buigykCtin nitric acid hud be copne y arwn ofi sat

satistclearnt of the pircaidyaile of yrge boust aspeiouy

donenote tea degre ofoyeizt of the amine salt orin th sol-e

Bote, thean salt, ~.r= and rthe Thelindies apprnloyei,n ald

dte st the lasenos of the otatecrs belonintrc thed andy

aie al the nitriated groopuad bhe acolecnled byen grespeoftively

dnothis cae deguation (6)laeireathen ofore mieslorteo

N Ar Mir--) 7

-(20

Where 2~ it~ (~ + Ud~.

8.



F''

jM Table2
Greatest possible values of the modulus of for different

I - concentrations of amine salt (d and nitric acid (C t=25 C

A _

0.0 .(1 .00 0.081 0.001 0.001 0.001 0.tm.)
0.05 0.X)3 o. 0.004 0.00 o0.i ,0,1 O

0.1 0.007 0.0X)8 0.009 0.012 0.014 Wlil'.
W X0.5 0.034 0.038 0.043 0,( .060 0 . K:

1.0 0.067 0.075 0.086 0.119 0.135 fl.1S.

Key: (1) 0A (in M); (2) Modulus of - when il. -

Keeping in mind that the numerical evaluations are carried

out for a concentration of reagent up to 1 molel, the following
simplifications should be recognit.ed as permissible: A_49

V Vj <<Vi, V 2 << Vi and , . From equation (10) we obtain

S '.z'" r A ([- l~,::r C 2w- (2'+V . ( 1)-

The results of the calculations using equation (11) are given

in Table 2.

As it follows from the results of the calculations (Table 2),

the need for taking into account the change in the coefficients of

- activity arises here at lower concentrations of reagent than in the

case of extraction of metals by mono-N-octylphosphoric acid, Con- _ 4

sequently, any model, intended for explaining data on the distri-

bution of substances in systems with amine salts from the point of A

view of chemical events in the organic phase, cannot ignore this gA . fact.

9.
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Ooiic lus ions

1. A variant of' a molecular.- tatistical model of' an or~ganic

solution (extraction system) is proposed which includes associated

reagents of' the type of' salts of' alkylammonia and orvanophosphoric

acids. The statistico-thermodynamic equations take into account

the contribution to the chemical potential of' a particle in the

mixture of' the specif'ic interactions, dimensions and symmetry of'

the particles, and also the change in the molecular f'orce f'ield

of' the medium with a change in the compo~ition of' the system.4

2. On the basis 6f' equations obta;inftd f'or the systems

mono-N-octylphosphoric acid-complex--carb6n tetrachloride and

tri66tylammonia salt-nitric dcid-benzene numerical evaluations

are given for the boundary concentrations where it is necessary to

take into account the change in the coef'ficients of' activity of'

the epaatemolecular individuals in the interpretation of data

ont distribution.
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